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NEW TRENDS IN THE DEVELOFMENT OF STRUCTURAL GEOLOGY

G. Do Azhirey

1, The Theory of FRook Deformation

The Becker Hypothesis. Up to this time, deformation of rocks has been
investigated primarily by use of the Becker hypothesis (1893). The basic
principle of the latter is that in homogeneous deformution of an isotropic
body, the sphere described in this body will change in the general case
into an ellipsoid. Becker restricted his study by two conditions: 1) that
the deformation be biaxial or planar, i.e., the mid-axis (B) of the ellip-
sold does not change, remaining constantly equal to the sphere's radiusj
and 2) the volume of the body remains constant. Two methods of applying
the deforming forces, pure shear and shear, are considgred.

The important conclusicns which result from Becker's analysis ares

1., Deformation is accomplished by slippage along two conjugate systems
of circular cross-section of the ellipsoid and, thus, the surfaces of slip=
page make some oblique angle with the directions of the major and minor
axes of the ellipsoid.

2, There are no normal stresses on the surfaces of slippage, and thus
muwumnumwimmuwnudunuuinmmmmnm

3, Displacement glong surfaces of slippage occurs 80 that matter moves
{nwards on the sides of circular cross=section which face the minor axis
(the compression quadrant) and outwards, relative to the central part of the

ellipsoid, on ‘the sides facing the major axis (tension quadrant).
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L. Under the action of a couple (shear), slippage develops primarily
‘ along one system of circular oross=section. One-sysiem shear structures
form.

Oriticism of the Becker Hypothesis. When we inspect the actual oon-
ditions under which rocke are deformed, we see that the deformation is
infrequently homogenecus, the rocks themselves are not ordinarily isotropic,
plane deformations are rore, and constent volume under deformetion is more
often the exception than the rule. Finally, pure shear stress is extra=
ordinary and never ocours in neture, (As is known, "in pure shear, the body
is subject to & compressive force in one direction and a tensilelforce
equal in magnitude in another direction). Actually, meny deformations
ocour where there is only one possible direction of movement, namely, up=-
words towards the surface, In this case, normal stress components arise
on the surfaces of slippage and the volume of the rocks changes.

i Therefore accurate calculations, especially in connection with the

very important problem of how cosl forms conjugate systems of shear fissures

in the direction of greatest shrinkage, cennot be based upon the Becker

hypotheeis, It is characteristic that even Becher (1920) tried to solve

the problem of the angle between conjugate shear surfaces by using Moore's

eircular disgrams instead of Becker's hypothesis.

2, Considerations on the Development of a Theory of Rock Deformation

The idea of a deformation ellipsoid is useful in the development of a
theory of rock deformation, but it should not be used as it was by Becker.,

The above considerations show that the pure mathematical analysis used

in Becker's hypothesis is not legitimate, inasmuch a8 the conditions governing

rock deformation in nature do not correspond even approximately to the con=-

ditions adopted in the hypothesis. |
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The idea of a deformation ellipsoid as a figure characterizing deform=
ation must be changed in the light of recent data., Study of rock deformation
in folded regions has indicated thet the characteristic deformation®are
triaxial, in which shrinkage occurs slong the Be-axis as well as the C-axis,
Shiinkage ocours not only in a direction perpendicular to the long axes of
the folds, but also in the direction of strike of the folding,

Fissures in folded regions indicate this type of deformation. The
fissures and shear surfaces usually develop not only in the zone of the
Beaxis, but also in the zone of the C-axis, forming systems of conjugate
fissures or surfaces of slippage because of shrinkage along the B- and
C-axes,

In many cases, the surface of the ellipsoid in no wise reflects the
type of deformation which has occurred, and therefore the idea of a deforma=
tion ellipsoid does not have anything approaching universsl application in
the analysis of rock deformation. Thus, we frequently must limit ourselves
to the three main axes of deformation (A, B, and C), without clarifying the
deformation magnitudes in other directions,

Criticism of Becker's hypothesis forces one to conclude that a single
theory of deformation is inadequate and that, as a whole, the theory must
be developed by one's admitting the existence of at least two quite dif=-
ferent types of deformation; namely, 1) elastic deformation changing into
brittle deformation and leading to slippage and faulting without substantial
plastic flow, and 2) elastic deformation, changing into plastic. The idea
of deformation by means of shearing along systems of planes which form an
oblique angle with the axes of the deformation ellipsoid is applicable
basically only to the first type of deformation.
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If the rocks are deformed plastically, slippsge takes place along
planes parallel (or noarly perallel) to the direction of maximum elongation.
Thus, one-system slippage is not alweys the result of shear (i.e., ithe
action of a couple), as was assumed by Becker and Schmidt (1932), but can
elso be the result of plastic deformation. In the last case, the elldpeoid
does not even show the final fomm of the deformed body roughly, because the
original sphere is transformed in the deformation process into a body of
complex form, elond bted in the direction of flow. And even though any
plastic deformation unavoidably includes elements of elastic deformation
because it does not change into prittle deformation, very rarely do we find
in rock even relic traces of slippage along two systems of shear surfaces
at an oblique angle to the direction of maximum shrinkage.

Thus follows the important conclusiont surfaces of slippage make an
oblique angle to the direction of maximum shrinkage of the deformed body
only when brittle deformation predominates, while for the case of pre-
dominant plastic deformations, they are perpendicular to the direction of
meximum shrinkage. Therefore, the discussions, started by Becker and
Van Hayes in 1893 on the orientation of cleavage surfaces and which have
continued up to this day, are actually pointless, because both Becker and
Van Hayes were right within limited regions. Disregarding details, we can
consider that under brittle deformation sdmegvarieties of fracture cleavage
develop along surfaces of slippage which make an oblique angle with the
main deformation axes (this ils cleavage caused primarily by inter=-stratum
slippage in folds). Flow cleavage and the remaining part of fracture
cleavage which is closely connected with flow cleavage develop because of

slippage in the AB=-plane of ‘the mAin deformation axes in plastic flow,
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There is one more important ciroumstance governing the development of
a contemporary theory of rock deformation. We have seen that the type of
deformation changes radicelly depending upon whether brittle deformation
or plastic deformation predominates. Homogeneity or heterogeneity of the
deformed substance alse affects the type of deformation markedly.

But, Just as there are no rocks always with the properties of elastic,
brittle, or plastic materials, so there are practically no rocks which
alvays deform $ither homogeneously or heterogeneously. We can only talk
of the conditions under which any rock is capable of deforming eleastically
or plastically or as & brittle material, In the same way, any complex,
even of very heterogeneous rocks, will deform as & homegeneous body under
certain conditionsjconversely, under other conditions, negligible hetero=
geneity will be observed in the deformation of highly homogeneous rocks.
Therefore, the analysis of states, and not of the properties of deformed
rocks, is of predominant importance in structursl geology. The properties
themselves to a certain measure are the result of states and are not
invariant,

Elastic, plastic, brittle, homogeneous and inhomogeneous deformations
are found in all parts of the earth's crust, both in the horizontal end
vertical directions. However, despite the universality of deformations of
all types, it is sometimes possible to isolate zones where some deformations
predominatg over others, and then it is expedient to speak of zonal dis-
tribution of types of rock deformation.

Spatial zones cannot always be isolated because the physico=mechanical
properties and bedding depth of rocks are not the only factors, Another no
less important factor is the speed of deformation, which may change sharply
in the different periods of structure formation in a certain section.

-5
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In connection with the latter, we constantly find effects where deformations
of one type are superposed upon deformations of another type, i.e., brittle
on plastic or plastic on brittle, &nd the zonal scheme may become oloudy or
mey even teke on a completely different form from that which would be
expected if only the depth factor wore taken into consideration.

3, Plastic Deformations of Consolidated and Crystallic Rocks

That plastic deformation is widespread among low-consolidated rocks
which have not undergone diagenesis is acknowledged by most geologists, and
their appearance is usually considered a sign of folding. There is a more
or less widespread opinion that strata which are once crumpled into folds
react to new mountain~building movements only by the formation of fractures,
The posaibility of plastic deformation of massive crystallic rocks is
completely disregarded by many.

Actually, in number of regions, there is elmost no plastic deformation
among consolidated and crystallic rock and, of course, the idea that plastic
deformation develops only with great difficulty among such rocke is in
general justifiable, Nonetheless, in other regions there are exceptionally
strong manifestations of plastic deformation among consolidated and crystel=
lic rocks, and therefore we must again emphasize that no rocks have permanent
physico=mechanicel propertiesj the type of deformatlon is determined sub=-
stantially by their state and the way in which the forces are applied.

For exampld, in the eastern part of the Central Caucasus, orogenic
movements in the Miocene and Fliocene were accompanied by the active part=-
icipation of anéient Paleozoic grenites in the folding of Mesocenozolc rocks.
This applies not only to structures of the first order, i.e., foundation

folds having large radii (as Argan understood them), because we often
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cbasrved folds of the sccond and even of the third order where foldlng began
in ancient granites. We know of strongly compressed folds measured in the
hundreds of meters where the dip angle of the limbs ie 50-=70°; sometimes
those folds are even overturned, Among the larger plicated structures, we
find fan-shaped folds with sedimentary rocks dipping beneath the granite

in which folding originated.

The ancient granite furface in the Central Caucasus was initially a
peneplain. Basal Jurassic strata of comparatively slight depth were found
everywhere on it, We can judge the stratigraphic nature of the contacts
between the granites and Jurassic strata which were deformed during folding
by the permanent presence of these basal strata. Only in the last phases
of warping into folds and considerably later did faults form, some of these
faults being almost combined with the folding, and some clearly intersecting
it.

Structural and petrographic study of granites reveals that granites
which participated in folding were subjected to plastic deformation or

crushing resulting in cataclastic or mylonitic structure, Plastic deform-

ation, apparently, predominated, as reflected by jointing of the cleavage
type pardllel to the axial planes of the folds and by the greater degree
of orientation of quartz grains in granites, which usually reaches 5%,
Cataclastic or mylonitic crushing took place mainly in the extremely narrow
(a few meters) zone of contact of the granites with the sedimentary rocks,
The plastic deformations in granites must have occurred at comparatively
great depths (several kilometers) and were apparently affected by the high
temperature caused by the introduction of nec-intrusive masses. In the
western parts of the Northern Caucasus (the Kuban River baqin, ete), where
the depth of the erystallic foundation could hardly have been substantial

in upper Tertiary time and there were very few neo-intrusions, granites did

not participate in folding, and we find mainly fault=block tectonic forms

and foundation folds of great radius,
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In order Lo understand the genesis of plastic deformation of granites
in folding, it is important to note that folds originating in grenites are
quite common in the general system of folding of Mesocenozoic rocks. There
are no indications that the system of folding of gedimentary strata has
been disturbed in places where the granite rocke are comparatively near the
surface, In addition, folds originating in granite have all the characteristic
morphological features of folde of sedimentary rock which are comparable
to the former in magnitude (order). When folds of sedimentary rocks are
asymmetric and have & regular overturning direction in certain zones, folds
originating in granites overturn in the same direction. The echelon arrange=
ment of Mesocenozoic folds is also characteristic of structures where folding
originated in granites. Again, concentration of anticlines (and in other
cases synclines) on lines tranverse 4o the general striﬁe of the range is
common for folds of the Caucasus where echelon structure predominates.

This led to common undulation of structures along the strike of the fold
with local crests and troughts of the whole tectonic structure. Finally,
the brachyform nature of Mesocenozolc folds is repeated by folds originating
in granites.

From this stendpoint, the more or less atrongla;compressed trougﬁ"h
yransverse to the main strike and emphasizing prachyform structure are of
special practical interest, Transverse troughs are found not only in
sedimentary Mesocenozoic rocks, but also in grenites from which folded struc=
tures originated. Qur observations have revealed that transverse troughs,
which are ususlly later complicated by disjunctive dislocations, are ore=
pearing in & number of cases. This broadens our potentialities for searching

for new hidden ore deposits of the Caucasus.
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Anolhei important practiesl consequence of detarmining plastic deform=
ation in consolidated and crystallic recks is the posaibility that disjunctive
fault toctonics can be correctly analyzed, The amplitude of displacement

along faults is often greatly overestimated when the amount of plestic de-
formation preceding the faulting is not taken into consideration, In
sddition, these principles will help to explain the extremely rapid decrease
of displacement amplitudes which is often observed along the strike of
faults,

L, Unconformable Folding .

When the collapsing rocks in the formation of folded structures are
strate with different physico-mechanical properties, the folds in each stra-

tum have different forms. The practical importance of correct interpretation

of disharomonious phenomena (which we propose to call unconformable folding)
| is very great.

Tn the first place, disagreement between folds of two strata is often
nistakenly taken as & sign that there were two folding epochs with uncon=
formities between the strata. For example, unconformii-& in bedding detalls
of Liamssic and Middle Jurassic clay shales and limestones (close to the
surface) in the Northéh Caucasus was explained without sufficient basis by
the existence of considerable pre-Callovian folding, even though pre=Callovian
movements were comparatively slight in this region, being expressed mainly
by fault block displacements. »

In the aécond place, un;onformable folding is in many cases accompanied

by the development of qriginal interformation disruptions and brecciation

zones which may be ore=-controlling structures,
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The intensity of disharmony in folding varies within wide limits, i.e.,
from scarcely noticeable displacements up to complete collapse of entire
formations from the lower base or from the covering rock or directly from
Loth interformation surfaces accompanied by formation of completely indepen-
dent folded forms. An example of such a high degres of unconformity is the
warping of a stratum of Famennian limestones interbedded with marls in the
Kara=Teu mountains in northwest T'ien-Shan. This stratum, about 900 meters
deep, lies between underlying Devonian sandstones and quartzites and a
covering stratum of crudely-stratified Carboniferous limestones. In this
structure, the collapse took place both from the base and from the covering
stratum,

In the Transcaucasus, the Allaverdsko=Shamlugskiy region is very
interesting from the standpoint of interformation collapses, The degree
of disharmony here is not very great, but small independent movements during
folding of comparatively rigid strata of Jurassic effusives, on one hand,
and Jurassic sedimentary rocks, on the other, led in some case to the devel=-
opment of interformation zones of tectonic breccia and in.other cases to
interformation overthrusts of smell amplitude. Both are ore-controlling
formations. In the Allaverdskiy deposit, a folded interformation overthrust,
which follows closely the stratigraphic contact surfsce between tuffaceous
breccie and covering sandstone but at the same time forms a slight scale in
the tuffaceous breccis, separates the rich part of the ore=bearing zone
from the non-ore part, thus controlling locelization of ore columns, 1In
the Shamlugskiy and Akhtel'skiy deposits, the ore bodies are found directly
at the surfaces and breccia of the interformation disruptions between dif-
ferent levels of the Jurassic sedimentary-effusive stratum. Moreover, it
turns out that the Shamlugskiy end Akhtel'skiy deposits are situated in dif=
ferent stratigraphic stages of the folded structure, which opens up new
potentialities for searches for 1hlind" ore deposits in the vertical as well
as the horizontal direction.
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5. Prototectonics of Intrusive Massifs

e S D SR S S

Because numerous ore deposits, especially deposits of rare metals, are
found in fissure eyotems in intrusive maseifs, and since the intrusive maseifs

themselves are localized in the upper regions of the earth's crust in con=

naction with definite tectenic processes, the structure of intrusives is
‘ of great theoretical and practical interest. The works of Soviet geologiste
A, A, Polkanov (1935 and 1545) and N. A. Yeliscyev (1935) on the structure
of intrusives are well=known, In this paper, we cun discuss only three
problems in this important subject.

Prototectonic structures are structures which form during and immediately
after solidification of the intrusions. They thus reflect the system of
tectonic stresses prevailing in the last stages of solidification of the

intrusive massif, In connection with the latter, the systems of proto- ;

tectonic fissures forming in the intrusive body can be correlated with lines=
parallel or system=parallel textures (with the rock orientation), indicating
the direction of magma flow immediately before solidification. Longitudinal
fissures S follow the orientation and, being perpoendicular to the pressure,
remain closed, Transverse fissures Q are perpendicular to the line=-parallel
textures, strike out parallel to the direction of pressure, cannot be closed
by the latter, and therefore are partly filled with veins and dikes of
aschistose and diaschistose rocks.

These quite clear principles are constantly overlooked; not only pro=

totectonic fissures, but also all other flssures of different age and deri-

vation which are filled by veins and dikes, are called Q fissures. In these

cases, the geologists forget that in most intrusive bodies, there ere usually

veins and dikes which form later in connection with newer magmatic cycles,

along with veins and dikes of the intrusion which are genetically directly

connected with the magma, Fissures containing young veins are not alwgys

~~~~~~
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Q fissures. We must be still more careful in classifying 8 fissures because
of the well=known ability of any rock, inoluding pranitold rocks, to "olese
up" Joints. I a granite massif was in a gone of submersion after its
formation (at depths of over =6 kilometers) and was covered by thick sedi-
mentary rock strata, the initial jointing may pe destroyed partly or com=
pletely, ae hae beon eutnblinhfd in the case of the ancient grenites of
North Osetia in the Caucasus. When these granites shift into upper zones
because of. tectonic movements, new systems of fissures form in them which
do not necessarilylfollow the systems of prototectonic origin.

The Genesis of S-Fissures, These fissures in their morphological
features are somewhat similar to cleavage fissures, but they are perpen=
dicular to the direction of maximum shrinkage, which contradicts generally-
accepted ldeas on the orientation of cleavage fissures. The latter, as is
known, are situated at an angle slightly greater or 1ess than L5° with
respect to the C-avis of the deformation ellipsoid snd, in any cese, the
angle is different from 90°, Like fracture fissures, S fissures cannot be
classified by theoretical stress analysis assuming homogeneous deformation
and are apparently caused by endogenous-inhomogeneoua deformation. When
heterogeneous matter undergoes compression in the direction of the C-exis
of the deformation ellipsoid, it is elongated differentidl ly in the perpen=
dieular direction because of differences in the mechanicel properties of the
materiel in the different parts of the deformed body. As & result of this
differential elongation, shearing siresses arise in the planes perpendicular
to the direction of pressure. If the elastic limit is exceeded, fissures
are formed perpendicular to the pressure.

Fissure Structures in Anorogenic and Orogenic Intrusions. Typical
systems of prototectonic Q, 8, and L fissures, sccording to studies by Gs Le
Pospelov, Be Pe Belikov, and others, are observed only in those intrusive
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granitoid massifs which did not undergo substential tectonic stresses after
being introduced inlv the upper regions of the earth's erust. A much more
complex picture is observed in gianitee of orogenic regions, i.e., the
Ceucasus, Altey, T'ien-Shan, ote, In theee there are numerous fissure systems
which are very haphazerdly connected with the structures having prototectonic
orientation of rock-forming minerals. The classification of prototectonic

gtructures can seldom be applied satisfactorily to these massifs for two

ressonst either (a) the fissuring which developed in orogenic regions etill
in the prototectonic phase is considerably more complex than fissuring of

snorogenic intrusions because of the greater intensity of tectonic movements
or (b) the more recent superposed fissuring obscures the prototectonic fis=

sures structures and does not permit them to be restored in their original

form.

For granites of orogenic regions, we emphasize especially that it is

impossible to use the classification of fissures unless their prototectonic

character and regular correlation with the orientation of minersls which

formed in the last phases of flow of the solidifying intrusion is proved

firste

6., Two Basic Trends dn the Development of Structural Geology

Structurel geology has long since passed the stage of description and
classification of phenomena, unavoldable when any branch of science starts
to develop, and now attempts to solve its problems by understending the
genesis of geologicel structures. Structural geologists have thelr own
methods (kinematic anelysis using the three mein dgformation axes as co=
ordinates and the method of petr&tectonic analysis) at their disposal.
Their importance should not be overestimated, however, as they aresstill

in the class of auxiliary methods.

! ﬁﬂllﬂlﬂl&l.
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The above review of scme new trends in the development of problems in
structurel geology, despite ite brevity, ghows olearly two Lasic trends in
its development: 1) an attempt to use the experimental and theoretical data
of the engineering sclences (even to developing this data 1ndependontly) in
the field of deformation of matter and 2) broad synthesis of local obser=
vations in structural geology and the results of regional geclogical studies,
Both of these trends represent nothing especially new. Looking back, we
seo that the classics of geology usually were written by theso two methods,
i,e., by combining broad geologicel studies with experiments on deformation
of rocks under laboratory conditions, Conversely, we have as an example
the failure of some Western European schools which have developed tectonic
hypotheses from data of Alpian geology without considering the deformation
mechanism and the engineering approach in the solution ofxbasio problems,
The result was humerous contradictory speculative hypotheses, often un-
gatisfactory from the standpoint of the simplest lawe of physics and
mechanics, That is why harmonious combination of experiment and geological
observations is compulsory for Soviet researchers working on structural

geologye

7. New Trends in the Use of Structural Geology for Degosit gggloration

The important role of structural geology in searches for minerel
deposits is well-known, and we will not consider this problem as & whole
here. There is, however, one practicel problem upon which little has been
done, although its future importance can hardly be overeatimated, This is
the provlem of searches for "plind" deposits, i.e., those hidden from direct
observation., Many large cepitalistic countries, having exhausted their

mineral resources to & considerable degree, are now using drill prospecting

-1 -

GONFIDENTIAL

Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R060100100064-0 i}




Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100064-0

CONFIDENTIAL

bensath structures for searches for new hidden deposits, For example, in
one gold-bearing region of Canada, more than 15 kilometera of oxploration
wells have been drilled in the past few years in order to check for possible
ore in the geclogical structures (according to S. 8. Smirnov).

With the vast natural riches of the Soviet Union, we do not have to
think about exhausting our resources, but under the conditions of the planned
economy, it is expecially important that we obtain a scientific method of
searching for new deposits, This scientific method will permit ue to regu-
late the growth of the rew-materisl base for the mining industry in regions
where this might be necessary and which are the most promising according
to geclogical data.

Searches for hidden deposits involve large capital investments and
high risk, and therefore they can be organized only on the basis of the
proper geological studies and primarily, studies of structural geology.

The main characteristic of the use of structural geology for aeagchen
for hidden deposits is the combination of a thorough study of known deposits

with a study of the geology of a large region. The actual problem in most
cases will be to determine the position of known local ore=bemring structures
among geological structures of regional scele and, from this, to establish
the places in which the same ore-bearing structures might be found, i.e.,
structures in which ore bodies and deposits which do not come out to the
surface might be concentrated.

Suitable attention must be given to the study of the characteristics
and genesis of the geological structure of large regions in order for the
regional geological surveys to enswer the requirements imposed upon thems
Study of the stratigraphy and distribution of fecies of sedimentary rocks
end the composition and form of bedding of magmatic rocks must not be a

gosl in itself, but rather a means to understand the geologicel structure.
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Therefore, at some stage, the study of geological gtructure will vegin to
determine the trend of further stratigraphic, petrographic, and other
studies, dictating gelection of subjects whose development is necessary
for understanding the structure and consequently for alding solution of
practical problems in searches for hidden mineral deposite.

We note also that the geologicel gtudies should be supplemented by &
thorough study of characteristic changes of the country rock in known ore
deposits in the exploration region, because the most important confirmation
a hidden ore formation is that there be similar changes of the country
rock.

Soviet geologichl gcience has the task of providing a raw material base
for the needs of the economy, Successful solution by structursl geology
of the problem of searchas for hldden deposits will facilitate accomplishment

_of this task.
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